Antitumor activity of Agaricus subrufescens has been shown on vegetative mycelium and basidiocarp. However, few studies have assessed the effect of A. subrufescens cultivation conditions and extraction methods on antitumor activity. This study evaluated the effect of nitrogen concentration on the cultivation medium of A. subrufescens and the extraction method of mycelial antineoplastic actives against sarcoma 180 cells implanted in mice. Two nitrogen sources (isolated soybean protein and NaNO 3 ) and 10 nitrogen concentrations (0.25 to 8.0 g/L) were used. Dried mycelium extract was obtained by hot water infusion (1:10 mass:volume; 90 °C) or by aqueous mixture (1:10 mass:volume, ambient temperature) in ultrapure water. The doses were administered daily by gavage to mice implanted with sarcoma 180 cells. Isolated soy protein is more efficient to mycelial biomass production than NaNO 3 . The mycelial biomass production increases when the cultivation medium is added with high nitrogen concentrations as well as the splenic index and the antitumor activity of the moistened mycelial powder. Hot water extract is more effective than the moistened mycelial powder to reduce tumor. The antitumor activity of hot water mycelial extract is similar to the one of basidiocarps, presenting lower metabolic demand on the spleen, keeping blood parameters normal and promoting animal wellness.
Most of edible mushrooms are consumed because of their culinary and/or therapeutic properties (Wasser 2011) . Among them, Agaricus subrufescens Peck (Kerrigan 2005) , mostly referred as Agaricus blazei Murrill sensu Heinemann and Agaricus brasiliensis Wasser et al. (Wasser et al. 2002) , is cultivated worldwide, used as functional food, or utilized in alternative medicine . It has been reported that A. subrufescens basidiocarps present therapeutic uses due to their antitumor (Mourão et al. 2009 , Jumes et al. 2010 ), immunomodulatory, antimetastatic, antimutagenic (Firenzuoli et al. 2008 , anti-inflammatory (Mourão et al. 2011a) , antioxidant (Mourão et al. 2011b) properties to name but a few. Moreover, it has been used to improve an individual's general health, reducing the effects of conventional antineoplastic treatments (Ramberg et al. 2010) . MíRIA B.D. BERTéLI, ANA D. LOPES, ITARUã M. COLLA, GIANI A. LINDE and NELSON B. COLAUTO It is still quite expensive to grow basidiocarps in some countries, so a relatively cheap and stable source for commercial purpose has still been sought (Firenzuoli et al. 2008) . Vegetative mycelial cultivation has some advantages over basidiocarps such as shorter time and lower production cost besides a greater control of the productive process, reducing contaminant risks. Fan et al. (2003) reported mycelial submerged cultivation of A. subrufescens using mostly glucose-peptone-yeast extract medium. However, few studies investigated alternative and cheap sources and concentrations of nitrogen in liquid culture medium on antitumor activity of A. subrufescens mycelia (Bertéli et al. 2014) .
Consumption of A. subrufescens is varied and can be found from fresh to dried fruiting bodies, although it is mostly prepared as tea (hot water extract) or taken as capsules (ground dried) for therapeutic purposes . However, extraction and cultivation methods affect biological activity of A. subrufescens against sarcoma 180 (Bertéli et al. 2014) and Walker-256 (Jumes et al. 2010) tumors. Thus, the objective of this study was to evaluate the effect of nitrogen concentration on the cultivation medium of A. subrufescens and the extraction method of mycelial antineoplastic actives on sarcoma 180 cells implanted in mice.
Materials anD MetHoDs
Strain U6-15 of A. subrufescens from the culture collection of the Laboratory of Molecular Biology of Paranaense University was used. The strain was cryopreserved at -70 ºC and recovered in 20 g/L malt agar extract (MAE) at 25 ºC in the dark ).
MyCELIAL BIOMASS PRODUCTION
The following procedures described by Bertéli et al. (2014) were used to produced inoculum and mycelial biomass. Two 6 mm diameter MAE discs containing mycelium, which was used as inoculum, were transferred to 15 mL Falcon tubes containing previously hydrated wheat grains (1:10), cooked at 90 ºC for 45 min, and autoclaved for 1 h and 30 min at 121 ˚C. The material was incubated in the dark at 25 ºC for 15 days. For the production of mycelial biomass, liquid Pontecorvo minimum medium consisting of 1.5 g/L KH 2 -PO 4 , 0.5 g/L KCl, 1.0232 g/L MgSO 4 7H 2 O, 0.010 g/L Fe 2 SO 4 7H 2 O, 0.0178 g/L ZnSO 4 7H 2 O, and 10.0 g/L glucose was used (Pontecorvo et al. 1953) . Isolated soy protein (ISP) from Solae Company (97% purity) or NaNO 3 was added to Pontecorvo medium to obtain nitrogen concentrations from 0.25 to 8.0 g/L. ISP was previously dried at 105 ºC until constant mass to determine moisture; total nitrogen was determined by Kjeldahl's method. The cultivation media (30 mL) were transferred to 125 mL Erlenmeyer flasks and autoclaved at 121 ºC for 20 min. Each Erlenmeyer flask with three colonized wheat grains was kept at 28 ºC in the dark without agitation for 22 days.
After mycelial growth, wheat grains were removed and mycelial biomass was separated by centrifugation at 1700 g at 4 ºC for 15 min. The supernatant was discarded and the precipitate was washed four times with 30 mL of ultrapure water. The obtained mycelial biomass was dehydrated in an oven at 60 ºC until constant mass, ground in a mortar with a pestle until powder, and frozen at -70 ºC. The average and standard deviation of six replicates were calculated for each treatment.
MyCELIAL BIOMASS ExTRACTION
Mycelial biomass extraction was prepared by mixing dried mycelial powder and ultrapure water (1:10 mass:volume) in a capped amber glass flask at 90 ºC for 12 h. It was filtered in a 14 µm diameter pore filter and frozen at -70 ºC. This process aimed to simulate tea preparation. Total solid concentration (mg/mL) of hot water mycelial extract was determined by drying part of each extract at 60 ºC until constant mass. Moistened mycelial powder was prepared by mixing dried mycelial powder and ultrapure water (1:10 mass:volume) at room temperature just before administration to animals. This process aimed to simulate the use of capsules with mycelial powder. Water addition made administration by gavage easier to the animal. For control, 9 g/L saline solution (SSC) was used. The treatment codes are shown in Table I .
ANIMAL ExPERIMENT
All procedures were approved by the Committee of Ethics in Research involving Animal Experimentation (CEPEEA) of the Paranaense University. Thirty-two non-isogenic female Swiss mice of 29-32 g and with 42 days of age were used. The animals were adapted to the experimental place for seven days and then kept in the same room in plastic boxes with alternated 12 h light management at 24 ± 2 ºC. Commercial feed and water were provided ad libitum. The ascitic form of sarcoma 180 (S180) was maintained in mice by intraperitoneal inoculation. Seven-day-old S180 ascitic cells (5 × 10 6 cells) were transplanted subcutaneously into the cervical-dorsal region of the mice (Shirai et al. 1991) . After seven days of implantation of S180 cells, the animals were randomly separated in four treatments with eight replicates each (n = 8). Each animal received 0.1 mL of hot water mycelial extract or moistened mycelial powder at a concentration of 140 mg/kg of animal by gavage (Jumes et al. 2010) . The control group received 0.1 mL of 9 g/L saline solution by gavage daily (Ponte et al. 2012) . Thirty days after the beginning of the treatments, the animals were anaesthetized with Halothane ® (50 mg/kg of animal) and 1 mL of blood was collected from the orbital plexus of each animal using glass capillaries embedded in 100 g/L of 2-({2-[bis(carboxymethyl) amino]ethyl}(carboxymethyl)amino) acetic acid (EDTA) (Thrall et al. 2012) . After that, animals were euthanized by overdose of the anesthetic Halothane ® (150 mg/kg of animal). Spleen and tumoral mass were removed and measured by analytical scale. The tumor inhibition rate was calculated considering as 100% the tumor mass of the control. The splenic index was calculated considering the spleen mass per animal body mass (mg/g) (Shirai et al. 1991 ).
Blood count was assessed in a Neubauer chamber to verify the total number of erythrocytes using Hayem liquid (2 mL per 10 µL of blood), and the total number of leukocytes was calculated using Turk liquid (400 µL per 20 µL of blood). Evaluation of cell morphology and differential cell counting were performed by preparing blood smear by May Grunwald-Giemsa's method (Meyer et al. 1992) . Comparison among groups was performed by variance analysis, and significant differences were determined by Scott-Knott's test (P ≤ 0.01).
results

MyCELIAL BIOMASS PRODUCTION
Mycelial biomass production varied regarding the source as well as the nitrogen concentration of the utilized cultivation medium. The mycelial biomass production was reduced when the fungus was cultivated in medium supplemented with nonprotein nitrogen source of NaNO 3 , not exceeding 2.9 mg/mL. Regarding the protein nitrogen of ISP, the maximum mycelial biomass production was 19.4 mg/mL, which is equivalent to 6.7 times the production with NaNO 3 (Figure 1 ). Thus, ISP was selected as the nitrogen source for subsequent experiments on antineoplastic activity. An inhibition of 46 to 90% (P ≤ 0.01) of the tumoral mass (Figure 2 ) and a lower splenic index of 36 to 76% (Figure 3) were observed in the animals treated with moistened mycelial powder from mycelium cultivated with 0.5 g/L (SM05) or 5.0 g/L (SM5) of protein nitrogen from ISP and hot water mycelial extract from mycelium cultivated with 5.0 g/L (SE5) of protein nitrogen from ISP ( Figure 1) .
The highest nitrogen concentration in the cultivation medium of moistened mycelial powder (SM5) resulted in inhibition 1.7 times higher (P ≤ 0.01) than SM05 (Figure 2) , and made evident that the highest nitrogen concentration of ISP in the cultivation medium increased the tumor inhibition capacity. For hot water mycelial extract (SE5), tumor inhibition was 1.2 times higher (P ≤ 0.01) than moistened mycelial powder (SM5) (Figure 2) . In general, treatment SE5 was the most effective for tumor inhibition, presenting more than 90% of inhibition when compared to the other treatments and the control (Figure 2) .
The splenic index was lower (P ≤ 0.01) for hot water mycelial extract (SE5) with 7.82 mg/g, followed by moistened mycelial powder (SM5) with 13.05 mg/g and moistened mycelial powder (SM05) with 20.72 mg/g compared to the control with 32.64 mg/g (Figure 3 ). This indicates that SE5 resulted in smaller metabolic demand from the spleen. (Table I) . Different letters show that the treatments statistically and significantly differed from each other according to Scott-Knott's test (P ≤ 0.01). (Table I ). Different letters show that the treatments statistically and significantly differed from each other according to Scott-Knott's test (P ≤ 0.01).
For blood cells, the values of treatment SE5
were the only ones within normality range (Table  II) . All other treatments and the control were under the normality indexes presented leukopenia with the lowest (P ≤ 0.01) values of total expected leukocytes for these animals (Table II) . Lymphocytes, which are important to fight tumor cells, presented values closer to normality for all treatments, except for the control (Table II) . However, there was greater stimulation of lymphocyte amount for SE5 and SM5 (Table II) , which had higher nitrogen amount in the cultivation medium (Figure 1 ). Animals treated with SE5 and SM5 showed neutrophils within normality range, an essential part of the innate immune system, whereas SM05 and the control were above it (Table II) .
DisCussion
Submerged cultivation of A. blazei yielded 9.12 mg/mL of mycelial biomass when yeast extract was used as nitrogen source (Hamedi et al. 2007 ), 10.83 mg/mL when malt extract was used (Lin and yang 2006) and 9.85 mg/mL when soytone peptone was used (Kim et al. 2004 ). Bertéli et al. (2014) reported A. blazei mycelia of 19.6 mg/mL when ISP was used as nitrogen source in submerged cultivation. Hamedi et al. (2007) verified A. blazei mycelial production utilizing non-protein sources such as ammonium oxalate, potassium nitrate, ammonium sulfate, ammonium chloride and urea with maximum yield of 1 mg/mL. In our study, the maximum mycelial production was 19.4 mg/mL with ISP and 2.9 mg/mL with NaNO 3 . These results indicate that protein nitrogen sources as ISP are the best source to produce mycelia for this species in submerged cultivation than non-protein nitrogen source.
In our study, the higher nitrogen concentration in the cultivation medium increased mycelial biomass production up to 19.4 mg/mL with ISP. Also, it increased the antioneoplastic activity for moistened mycelial powder SM5 when compared to SM05 (Figure 2) . Nitrogen protein sources such as ISP can be hydrolyzed by fungal proteases with quick release of amino acids that are readily assimilated for protein synthesis, whereas nonprotein sources like NaNO 3 need the action of nitrate permease for their intracellular transport (Griffin 1994). Therefore, when compared to ISP, a greater number of metabolic steps are needed for nitrate protein production which explains the fungus difficulty to grow with NaNO 3 . The active principles responsible for antitumor activity are mainly beta glucans (Firenzuoli et al. 2008 ) which can be bonded to proteins (Adams 2004). Zhang et al. (2007) report that the presence of protein attached to the cell wall increases the antineoplastic activity of the fungus. It suggests that the culture medium formulation can affect mycelial biomass yield, mycelial chemical components and, therefore, enhance antineoplastic activity on S180. However, Bertéli et al. (2014) did not find Table 1 . He = erythrocyte, Hb = hemoglobin, Ht = hematocrit, Lc = total leukocyte, Nt = neutrophil (segmented), Lf = lymphocyte. Reference values = values within the normal range for mice (Thrall, 2007) . Different letters indicate statistically significant difference among the treatments according to Scott-Knott's test (P ≤ 0.01).
significant differences in the antitumor activity of moistened mycelial powder with a different strain of A. blazei on S180 in a study utilizing the same nitrogen concentrations in the cultivation medium.
On the other hand, hot water mycelial extract SE5 instead of moistened mycelial powder had higher tumor reduction (90%) with lower metabolic demand on spleen and maintenance of normal blood parameters (Table II, Figures 2 and  3) . Bertéli et al. (2014) reported similar results of 82-93% tumor reduction for hot water mycelial extract of A. blazei and 17-65% for moistened mycelial powder. Hot water mycelial extract probably allowed a greater release of bioactive substances than moistened mycelial powder. For the moistened mycelial powder, the release of bioactive compounds depended exclusively on the animal's digestive process, which was a limiting factor because it depends on numerous variables inherent to the animals. Our results suggest that the immunoprotective compounds of mycelia can be more accessible after hot water mycelial extract. Thus, the utilization of hot water mycelial extracts enhances the antineoplasic activity of this species against S180 and improves the animal's general health.
However, Jumes et al. (2010) reported no difference between hot water mycelial extract and moistened mycelial powder of A. brasiliensis against Walker-256 tumor with mass inhibition ranging from 85 to 92% in rats. Although it is a fungus of the same species, these results differ from the ones in our study; nevertheless, the tumor and animal models were different, making any comparison between the studies difficult. On the other hand, Kim et al. (2004) reported that hot water mycelial extracts of A. blazei showed significant antitumor activity against S180 in mice with 96% tumor inhibition. Bertéli et al. (2014) reported that A. blazei mycelial hot water extract presented 92.60% of tumor inhibition against S180 in mice. Mourão et al. (2009) reported that there was a tumor inhibition of 92% against S180 utilizing hot water mycelial extract of basidiocarps from A. blazei. This indicates that the mycelium as well as the basidiocarp of A. blazei has the same antineoplastic activity. However, Mizuno et al. (1999) reported that antitumor activity on S180 of hot water soluble fraction polysaccharides of A. blazei mycelium did not react with antibodies such as antitumor polysaccharides from A. blazei mushroom indicating a smaller antineoplastic activity of the mycelium. This suggests that the antineoplastic activity can depend on the utilized substrate, strain, tumor model type and extraction method of the fungus.
However, future studies are necessary to clear out if the biocompounds obtained by different extraction methods and the therapeutic potential of each extraction method, avoiding subutilization of medicinal properties by the industry and the consumers.
Moreover, the referred literature and the results reported in our study indicate that the commercialization of A. subrufescens has to be followed up by the quality control of the utilized strain, substrate formulation and extraction method for the desired biological activity.
ConClusions
Isolated soy protein instead of NaNO 3 is the best nitrogen source for mycelial biomass production of Agaricus subrufescens in submerged cultivation. The higher nitrogen concentration in the cultivation medium improves the mycelial biomass production, splenic index and antitumor activity of moistened mycelial powder. However, hot water mycelial extract (tea simulation) is more effective than moistened mycelial powder (capsule simulation) against sarcoma 180 tumor reduction. The antitumor activity of hot water mycelial extract is the same as the one of basidiocarps, has smaller metabolic demand of the spleen and keeps normal blood parameters, promoting animal's wellness.
